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It is a generally accepted hypothesis that some individuals are more prone to suffer from shift work than others. Andlauer (1960) and Bruusgaard (1969) estimated that about 20 % of the worker population is unable to adapt to shift work. Sergean (1971) , in a review of the practical consequences of shift work, concluded that too little is known (1) about the demands which different types of shift work impose on the workers and (2) about the interindividual differences in the capacity to adapt in various ways to different shift systems and rotas.
Wedderburn (1972) Technology, Loughborough, England. (1971) and Wilkinson and Edwards (1968) found that acceptable adaptation occurred more often in 'stabilized' rather than 'rotating' shifts. Walker (1966) found that very frequent alternation of shifts on continuous work was preferred by the workers to the commonly used one-week spells, due to reduced experience of 'fatigue and monotony'. Bjerner, Holm, and Swensson (1948) showed that workers on continuous alternating shifts starting at the hours 4-12-20 on average obtained more sleep than after a change to 6-14-22. Incidentally, Kleitman (1942) proposed that the 4-12-20 system should be the standard as this conformed to the body temperature cycles of the workers. From the work of Oginski (1966) and Wild and Theis (1967) it can be seen that from both the production and accident reduction points of view the 7-15-23 system is better than the 6-14-22. Finally, it can be concluded from the review by Saito (1969) that it is better to have the shifts in the order night-evening-day, instead of the more common day-evening-night pattern.
The few selection criteria for shift workers found 341 today are usually of sociomedical origin. In general, the literature gives no support for abandoning the zero hypothesis that there are no effects of shift work on health per se, but if the shift workers have difficulties in adapting to this style of life, already existing unhealthy conditions might be aggravated.
However, if all researchers were as careful as Andersen (1970) (1964) found that a high proportion of those workers who had transferred to non-shift work for medical reasons were of the type 'early to bed-early to rise', and suggested that further studies should be done on patterns of sleep and sleep types in order to establish criteria for selection. Similar deductions can be made from a study by Tune (1969a) on non-shift workers, in which it was shown that the older the workers are the more pronounced are the differences between 'extroverts' and 'introverts', the extroverts rising later in the mornings and also getting more sleep on average. In this connection it is important to remember Wilkinson's (1971) statement that loss of sleep may be at least as influential as body rhythms in causing ill effects through abnormal working hours. Mott, Mann, McLoughlin, and Warwick (1965) , whose model for research has stimulated the present study, found that an alternating shift schedule was indeed difficult to adapt to for the younger, better educated worker with small children, while the men who were capable of having additional jobs ('the moonlighters') very seldom complained about the adaptation of their time-oriented body functions, i.e., sleeping, eating, and bowel habits. These moonlighters are perhaps similar to the 'robust individuals' whom Regelsberger (1940) found to be well-adapted shift workers. Hakkinen's (1969) well-adapted group of shift workers showed significantly less psychosomatic tension than his poorly-adapted group.
A few studies have been done on the interindividual differences in the circadian patterns of physiological and psychological variables since Kleitman (1963) drew attention to the existence of 'morning' and 'evening' types of individuals, but none of these studies has been directed to shift work. Paftkai (1971) studied habitual 'morning workers' and 'evening workers' and found so many significant differences in alertness, performance, and adrenal excretion that she suggested that habitual working habits might be an important factor in determining both efficiency of performance and work satisfaction. She also found that the habitual morning workers (in a group of female students) were more introvert than the evening workers, a fact that fits very well with Blake's (1971) summarized findings on 'temperament and time of day', the introvert's body temperature rising a bit earlier in the morning and falling a bit earlier in the evening. Ostberg (1973) estimated that the morning types are approximately two hours ahead of the evening types in the circadian rhythms of oral temperature and food intake.
The present study is a continuation of this previous study, in order to test the hypothesis that the questionnaire employed on morning-evening types is sensitive enough to show significant differences even among shift workers. Implicitly it is thus suggested that 'nasty noise' due to interindividual circadiandifferences is auseful parameter of variation. A new test of physical fitness is also introduced.
Design of investigation Background The shop steward of the computer department of the Swedish Cooperative Union and Wholesale Society demanded extensive yearly medical examinations for the shift-working members of the local union. During the ensuing negotiations it was agreed that a one-year study, starting in September 1971, should be done on the interindividual differences in the capacity to adapt to the shift system as it was practised. The investigations should centre on the individuals at work rather than at leisure, and should be discontinued when the shift workers did not wish to participate any more. Great efforts, therefore, had to be made to keep the men motivated, and meetings were held regularly to inform them of the progress of the investigation. Neither the participating subjects nor the production of the computer department could be disturbed by the measurements and the data collection, but, on the other hand, the research activities had to be seen to be valid as well as being valid. These restrictions, together with a general lack of resources, had to be considered in designing the investigation. Circadian fatigue patterns This general expression is in the present context defined by the questionnaire used to rank the subjects on a morning-evening continuum. A detailed description of the questionnaire, the item analysis, and the method of scoring is given in an unpublished thesis in Swedish by Oquist (1970) . When employed here, the questionnaire was slightly shortened and the method of scoring simplified.
The questionnaire contained 14 items equally distributed between morningness and eveningness. The items dealt with preferences and habits concerning activity and time of day 'on days when you are not too restricted by schedules of society, family, and work'. Typical morningness and eveningness items were: Given a specific item where, in order, 'a', 'b', 'c', 'd' indicated 'extreme morningness', 'morningness', 'eveningness', 'extreme eveningness', if the proportion of the subjects who gave these answers were '0-1', '0 2', '0 5', '02' their scores would be '+ 09', '+ 08', '-05', '-0-8' respectively. The total score for a subject was obtained by adding the item scores.
Sleep
The subjects' sleep and wakefulness patterns were registered for a period of four consecutive weeks. The registration period covered one week of each type of shift. The subjects were given two sleep charts, each of which covered two weeks, and asked to mark the obtained amount of sleep to the nearest half-hour. The charts were Swedish equivalents to the charts described by Tune (1968) and had a remarks column for illness, medication, and unusual occurrences upsetting the daily routines.
Oral temperature Oral temperature measurements were done during the first, third, and fourth day of work on each shift. No measurements were taken in the subjects' leisure hours. Each shift was divided into five intervals and the workers took one temperature reading per interval. The thermometer allowed registration in tenths of centigrades and had to be placed under the tongue for three minutes, but this was hard to check as the subjects often had to carry on with their work at the same time. Measurements were never done immediately after food intake or smoking.
Time estimation Parallel to the measurements of oral temperature, and at the same times, measurements were also done on the 'speed of the subjects' internal clocks'. The subjects were individually asked to estimate the length of a time period of 10 seconds by means of silent counting, and this was registered on an electronic counter operated by 'start' and 'stop' pushbuttons. No knowledge of the results was given. The hypothesis for this test was that the '10 subjective seconds' should become objectively longer during the night because of slower speed of the subject's 'internal counting device'. Blake (1967) found no significant time of day effects in a similar experiment, but, on the other hand, it was shown by Pfaff (1968) and Thor (1962) that the interindividual differences are very large sources of variation in experiments of this type.
Physical fitness This new test is based on the comparison between the subject's actual heart rate and the subjective workload. Voigt, Engel, and Klein (1968) showed that there is a clear circadian rhythm of heart rate for fixed loads in bicycle ergometer tests. Borg (1971) In a pretest, the bicycle workloads were individually chosen to give a day-time heart rate of about 140; one load should give a somewhat lower and another a somewhat higher heart rate. At every test session the subjects always had the same loads. Starting with the smaller load, the subject's heart rate was taken as the mean value of the fourth, fifth, and sixth minutes of work at each load. During the fourth minute the subjects were shown the Borg scale and asked to assess the workload in terms of experienced exertion. The experimental setup and the instructions to the subjects were designed in such a way that the subjects were always unaware of the actual load.
Food intake In the food intake diaries the subjects were asked to make thorough notes on everything eaten during a 'normal' 24-hour period in the middle of each type of shift. Not all subjects agreed to 'waste their time' on these diaries, but eventually the five most extreme morning, middle, and evening types, as well as some reserves, took part in the investigation.
Results
Circadian fatigue patterns Mostly due to the cumbersome recording of food intake it was decided not to use each subject's score on the morning-evening continuum, but rather to select three groups of five subjects each. These groups will further on be dealt with under the subtitle 'interindividual differences'. Depending on what part of the morning-evening continuum the groups belonged to, they will be called morning, middle or evening group. Due to incomplete data some reserves had to be taken into the groups during the food intake part of the investigation.
Sleep
As an overall description of the sleep of the 37 shiftworking subjects, their average amount of sleep throughout the shift cycle is given in Table 1 . This clearly gives the same picture of the sleep of shift workers as the study by Tune (1969b) and Lille (1967) .
Interindividual differences
The questionnaire on circadian fatigue patterns was designed to differentiate between morning and evening types of subjects according to their habits and preferences concerning time of day during days 'when you are not too restricted by schedules of society, family, and work'. To test whether the five most extreme morning types and the five most extreme evening types had slept as could have been predicted from the questionnaire, their cumulative distributions of hours of weekend sleep are pictured in Figure 1 .
By means of the one-tailed Kolmogorov-Smirnov test the difference between the two distributions in Fig. 1 was found to be significant at the 0 01 level. The next step was to test the hypothesis that the sleep patterns were also different during weekdays, and that there were large enough differences to indicate the degree of adaptation to different shifts. In this case it was not possible to employ a directed hypothesis as the only belief was that the middle group should always come between the morning and evening groups. In order to perform an analysis of variance test on the sleep data, each subject's amount of sleep obtained during work on the different shifts is calculated, and the results are presented in Table 2 .
The entries in Table 2 give, for each group and shift, the total amount of sleep during four days' work (Monday evening to Friday evening). (morning, evening, night) , and if the interaction is significant the conclusion must be that the different groups were affected in different ways by the shift cycle to which they were exposed.
It can also be concluded from Figure 2 does not therefore show the circadian rhythm of the studied group of subjects but it shows the group's on-the-work oral temperature. The data cover five equally spaced measurements on the first, third, and fourth days of work on each shift, and if one believes in the existence of a strong correlation between body temperature and performance efficiency one could say that the graph shows the 'circadian rhythm of efficiency of the computer department'. Unfortunately, no efficiency measures were to be found for the subjects or the department.
The on-work oral temperatures of the morning, middle, and evening groups during the morning, evening, and night shifts are summarized in Table 3 . An analysis of variance of the data underlying Table 3 shows that group and shift are significant sources of variance (0 025 and 0 05, F-test) whereas the interaction group x shift is a non-significant source. However, the negative finding concerning the interaction does not mean that there was no interaction, and another type of analysis might reveal the looked for significance. If the different groups' maxima of oral temperature are not well enough separated in the time base to be detected by the analysis ofvariance, additional information could be obtained by means of Fourier analyses of each subject's temperature data. Figure 3 summarizes such an attempt.
Each curve in Fig. 3 is based on the 24-hour Fourier components of each of the group members. It can be seen that the averaged levels (in°C), amplitudes (in°C), and maxima (at hr) were 36-8/0O24/1610, 36-8/025/1636, and 37-0/0-39/1834 for the morning, middle, and evening groups. As before, the differences between the overall levels (36-8-37-0°C) were significant according to the twotailed t test, but the only other difference worth mentioning is the time separation of 2f4 hours between the maxima of the morning and evening groups (0f2, one-tailed t test). A Fourier extraction of the eight-hour components of the oral temperatures gave no further information. the measurements of oral temperature and the time estimation data can in principle be presented in the same form, as has been done for the temperature data in Figure 2 . This is also done in Fig. 4 , but the within-shift variation is too large to allow the drawing of a circadian on-work graph similar to that for oral temperature.
The grand mean of the time estimations '10 seconds' was 9-93 seconds and, as shown in Fig. 4 , the general trend was that the estimated times became objectively longer at the end of each shift. This within-shift trend was expected due to the hypothesis that the more fatigued the subjects were, the slower would their 'internal counting device' run. However, the interest should be focused rather on the between-shifts trend, and this is indicated in the figure by the differences between the shifts' mean '10 seconds'.
Interindividual differences Unfortunately, the time estimations started without any training to 'count to ten' and it was found too late that one of the morning group subjects constantly produced estimates of about 4 5 seconds. As the groups had just five members this type of bias in one single subject will influence the group means, and especially it meant here that the morning group had a too low mean (Table 4) .
The F-test shows that the sources of variance of the Table 4 
Physical fitness
The scale employed for assessment of the exertion experienced had been designed to give a regression line equal to the line marked 'Borg (1971) ' in Figure  5 . Borg's experiments were all performed in day-time, and a minor deviation from these results could naturally arise when night-time experiments are included as well. But when all data of the morning, evening, and night tests were put together, the resulting regression line (Fig. 5) worker has difficulties in adapting to the night shift he can be thought of as being 'older' during the night shift, and the further below the day-time regression line the night-time regression line is, the 'older' and less fit he is. Thus, the parallel displacements can be used as measures of physical fitness. The distance Z between the subject (given by the subject's heart rate and corresponding exertion experienced) and the reference line (arbitrary below, but parallel to, the regression line) of Fig. 5 can thus be used in expressing the subject's physical fitness: the larger the Z-value, the greater the fitness. Of course, the Z-value in isolation says nothing about the fitness; one should rather compare the intra-subject differences in Z-values obtained during different conditions. Table 5 gives the Z-values of the three groups at the three times of
measurements.
An analysis of variance on the data summarized in Table 5 very nicely confirms the hypothesis that the subjects were less fit during the night shift, the F-test level of significance being 0001. But the most interesting result is that the interaction group x shift was also a significant (005) source of variance, especially in the light of the non-significant variance due to group. Concluding the findings, it can be said that (1) there were no differences in physical fitness between the groups, (2) the lowest scores of physical fitness were obtained during the night shift, and (3) the morning group subjects were least fit during the beginning of the night shift, the evening group subjects were least fit during the beginning of the morning shift, and the middle group subjects were affected in an intermediate way. found to be at the hour 0430 in the middle of the night, and this was taken as the starting point of the cumulative kJ-count shown in Figure 6 . In calculating the circadian food intake distribution shown in Fig. 6 , a normalization was first carried out. The total food intake of each subject's 24-hour registration (one registration per shift type) was set to 100%, then every half-hour's food intake was expressed accordingly, and finally all subjects' normalized cumulative food intakes were added to the total food intake distributions for the morning, evening, and night shifts. It is seen from Fig. 6 that these distributions are quite well separated, with approximately 4 hours difference between the principal food intake periods of successive shifts (at hours 1100, 1300, and 1700). The two-tailed Kolmogorov-Smirnov test shows that the differences are all well beyond the 0 001 level of significance.
Interindividual differences It has already been shown that the time separation in principal food intake was 4 hours between the 8 hours-separated shifts. It was thought that the interindividual differences in the degree of adaptation would be manifested in different time patterns of food intake, and cumulated distributions of the type shown in Fig. 6 were also calculated for each shift/group combination. To get at the intragroup intershift differences, the two-tailed KolmogorovSmirnov test was employed in the comparisons between the distributions, and the results are shown in Table 6 . Table 6 tells nothing about how many hours' differences there are between the distributions; it merely tells the significance levels of the overall differences between the time patterns. For example, the entry '0 001' for the evening types in the morningevening comparison means that the evening types ate significantly differently during the morning and evening shifts, and '0.1' for the morning types in the evening-night comparison means that the morning types hardly changed their eating habits during the evening and night shifts. The amount of food intake (kJ) was also looked at, and this was done by means of the F-test, but the only source of variance of any importance was the interaction group x shift. In order that the nature of this interaction might show up more clearly, the kJ-intakes are expressed in percentage deviation from the group means. The results ( The statistical test used can detect any difference whatsoever, but there were only time displacements detectable between the actual distributions (see Fig. 6 ). Tables 2, 3 , 4, 5, and 7 respectively) could be combined by simply adding the 'adaptation scores' calculated separately for each table of results. The concept 'adaptation score' is most conveniently explained by referring to Table 2 , where the best and the worst adaptations are judged to have occurred for the evening types while working the evening shift, and the morning types while working the night shift; the 'adaptatation scores' being '1' and '9' respectively. When all the within-table scores are combined, the results become as in Table 8 . Table 8 also provides an example of how the 'adaptation scores' were calculated: the scores that could be assigned to the group/shift combinations within the table are given in brackets. The total score of 99 for the night shift supports the impression that the night shift was the most difficult to adapt to, the total score of 67 for the evening group indicates that the evening types had the least overall difficulty in adapting to the schedule of shift work as it was, and the total score of 39 for the morning types in the night shift column that the morning types had the most pronounced difficulty in adapting to the night shift. These conclusions are confirmed, as the Kruskal-Wallis one-way analysis of variance used on the within brackets numbers gives a significance level of 0O02.
The total scores of the groups, shown in the righthand column of Table 8 is 'corrected' for these numerical differences (e.g., the very low score of physical fitness for the morning group during the night shift), it appears that the morning group subjects had the most overall difficulty in adapting to the schedule of shift work used. It has been shown that the evening types of subjects had the least difficulty in adapting to the shift schedule, that the morning types had the most difficulty, and that the middle types adapted in an intermediate way. The very same conclusions can post hoc be drawn from Table 6 , which also offers a hypothetical explanation for the differences and suggests directions for future research. From Table 6 it can be seen that the evening types had markedly changed time patterns of food intake during the different shifts, whereas the morning types had less marked changes and especially they seem to eat in the same way during the evening and night shifts. But did the morning types have difficulties in adapting to the shift schedule because they did not change their eating habits, or was it the other way? This cannot be analysed further from the present data. More research is needed to test the hypothesis that the morning types have a more autonomous circadian rhythm than the evening types.
All measures used in the investigation seem to have fulfilled the purpose of delineating the interindividual difference in adaptation to the shifts, and it is remarkable that the crude questionnaire was of such power that the interactions group x shift became significant in spite of the very small samples (N = 5) selected from the very small population The lower the score, the better the adaptation. The total scores are obtained by adding the scores obtained within each of Tables 2, 3 , 4, 5, and 7 (the method of scoring is exemplified by the scoring within this table, as shown by the scores given in parentheses). A one-way analysis of variance shows the total score pattern is of significance (0-02, Kruskal-Wallis).
(N = 37). The crucial point then is the questionnaire itself. More work is needed before the questionnaire can be used as a routine in shift work investigations. Another crucial point is how the interindividual circadian differences should be analysed and what sort of statistical tests to employ. Various techniques have been tried in the present study, and the reader might have difficulty in seeing the shift working computer staff who were the subjects behind all the levels of significance. Certainly, much effort was put into the problems of detecting the interindividual differences and in extracting the most relevant data for the tables, but the ever present purpose of the investigation was still to do research on behalf of the shift workers rather than merely on the shift workers.
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